Abstract. The transcription factor 4 (TCF4) gene encodes a helix-loop-helix transcription factor protein, which initiates neuronal differentiation and is primarily expressed during nervous system development. The aim of the present study is to investigate the association of the TCF4 rs9960767 polymorphism and bipolar disorder, which is highly heritable. DNA isolation was performed on 95 patients with bipolar disorder and 108 healthy control subjects to examine the TCF4 rs9960767 polymorphism. Genotypic and allelic frequencies were determined using the polymerase chain reaction-restriction fragment length polymorphism method designed in our laboratory. Statistical analysis was performed using χ 2 test within the 95% confidence interval. Odds ratios were calculated and Hardy-Weinberg equilibrium (HWE) was verified for all control subjects and patients. The A allele frequency was 95.8% in the patients and 94.4% in the control subjects, and 4.2% in the patients and 5.6% in the control subjects for the C allele. The genotype frequencies of the TCF4 gene rs9960767 variant were as follows: AA, 91.6% and AC, 8
Introduction
Bipolar disorder is a polygenic, common and chronic psychiatric disorder that has a lifetime risk of 1% worldwide (1) . It is also termed manic depression due to the dramatic mood changes, such as extreme mania or severe depression, that patients experience. It is usually accompanied by thinking and behavioral disturbances, and often by psychotic features, such as delusions or hallucinations. These episodic mood changes occur at an extreme level that significantly affects the individual's social and business life (2) .
Studies on families and with twins have demonstrated that bipolar disorder is highly heritable. First-degree relatives of affected individiuals are associated with a 5-10-fold increased risk of bipolar disorder compared to that of the general population. The risk may increase up to the 40-70-fold in monozygous twins (2) . Despite this strong familiality, identification of bipolar disorder susceptibility genes has been challenging due to the multifactorial genetic architecture of the disease. Multiple candidate genes have been proposed by linkage analysis and genome-wide association studies (GWAs) although these results have not been consistently replicated (3, 4) .
GWAs are systematic and objective studies based on the 'common disease, common variant' hypothesis, which allow us to identify population specific and disease-associated variants (5). Attempts to identify risk genes for common disorders, such as bipolar disorder and schizophrenia in humans have began to provide important findings. It is known that schizophrenia and bipolar disorder overlap epidemiologically, symptomatically and genetically (6) . A large scale GWAs demonstrated that schizophrenia and bipolar disorder patients carry the same disease-associated variants, such as in the zinc finger protein 804A and calcium voltage-gated channel subunit α1 C (CACNA1C) genes (2).
Stefansson et al (7) combined single nucleotide polymorphism (SNP) data from various GWAs for schizophrenia and conducted a meta-analysis of the most significant associatied (9) . The TCF4 gene is a basic helix-loop-helix (bHLH) transcription factor, which is also known to regulate the expression of many other genes that are involved in cell differentiation, cell survival and neurodevelopment (10) . These associations between TCF4 and neurodevelopmental diseases have resulted in the present evaluation of whether the rs9960767 variant of the TCF4 gene is also associated with bipolar disorder as a neuropsychiatric disorder. In the present study, the allele and genotype frequencies of the TCF4 gene rs9960767 variant were analyzed in 95 bipolar disorder patients and 108 healthy control subjects from a Turkish population using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis. For this method, the PCR primers were designed by the present authors and a suitable restriction enzyme was selected for analysis of the polymorphic gene site. The primers and enzyme may be used for further investigations of this particular SNP (rs9960767). Genotyping. Genomic DNA was isolated from all subjects according to the conventional salting-out method (11). Genotype and allele frequencies for the TCF4 rs9960767 variant were analyzed using a PCR-RFLP method designed in our laboratory. Forward and reverse primers, which cover the polymorphic site were designed in the present study and purchased from Integrated DNA Technologies (Coralville, IA, USA). The 264-bp fragment was amplified with 10 pmol each of the forward primer 5'-AACACTGAGTGAGGGGATCG-3' and the reverse primer 5'-GGCTTTTGAAGGGCACTGTA-3'. The PCR reaction was performed using a thermal cycler (T100; Bio-Rad Laboratories, Inc., Hercules, CA, USA). The PCR thermal conditions were as follows: Denaturation at 95˚C for 5 min, followed by 35 cycles of 95˚C for 1 min, 57˚C for 30 sec, 72˚C for 1 min and a final extension step at 72˚C for 10 min. The digestion of the amplified 264-bp fragment with the ApoI restriction endonuclease was conducted at 37˚C overnight. Digestion fragments were electrophoresed at 20 W for 40 min on an 8% polyacrylamide gel, subsequently Silver Staining was conducted and scanning was performed using a CanoScan N670U (Canon, Inc., Tokyo, Japan). The ApoI digestion of the PCR product produced 193-and 71-bp fragments for the CC genotype, 177-, 71-and 16-bp fragments for the AA genotype and 193-, 177-, 71-and 16-bp fragments for the AC genotype (Fig. 1) .
Materials and methods

Patients
Statistical analysis. The Hardy-Weinberg equilibrium (HWE) was verified for the two groups. Statistical analyses were performed using the SPSS software package, version 21.0 (IBM SPSS, Armonk, NY, USA). Allelic distributions and genotype frequencies were compared using the χ 2 test and Student's t-test. The relative risk (odds ratio; OR) analysis was performed with 2x2 crosstabulation and binary logistic regression model for gender. P<0.05 was considered to indicate a statistically significant difference.
Results
TCF4 gene rs9960767 allele and genotype frequencies were analyzed for 95 bipolar disorder patients and 108 healthy control subjects. A allele frequencies were 95.8% in the patients and 94.4% in the control subjects. The genotype frequencies of the TCF4 gene rs9960767 variant were as follows: AA, 91.6% and AC, 8.4% in the patients (the CC genotype was not observed in the patients); AA, 89.8%; AC, 9.3% and CC, 0.9% in the control subjects. No statistically significant association was identified between the patients and the control subjects (χ 2 =0.937; P=0.626). Gender specific statistical analysis was also performed, however, no significant association was identified according to the gender distrubition. All cases and controls were in HWE (P>0.05; Table I ).
Discussion
It is known that bipolar disorder (also termed manic depression) is strongly influenced by genetic factors (12) . It is a common, complex and polygenic disease that shows multifactorial inheritance. There are numerous methods that have been developed to investigate complex disorders. One of the most promising methods is with GWA, due to the power of identifying the common genetic variants that are involved in major complex disorders, such as schizophrenia and bipolar disorder (13) . The genetic and symptomatic overlaps between these disorders resulted in the examination of mutual variants in the present study. Stefansson et al (7) found a significant association with various polymorphisms in a large GWA study. The samples were as follows: European samples, 2,663 schizophrenia patients and 13,498 control subjects (SGENE-plus samples); European follow-up samples, 4,999 schizophrenia patients and 15,555 control subjects; and 5,283 schizophrenia patients and 5,088 control subjects from the International Schizophrenia Consortium and the Molecular Genetics of Schizophrenia study. TCF4 gene rs9960767 is one of the risk variants and was found to be more frequent in patients with schizophrenia [P=4.1x10-9; OR=1.23, 95% confidence interval (CI)=1.15-1.32]. This association was further confirmed in a large-scale meta-analysis of schizophrenia GWAs (P=4.2x10 -9 ; OR=1.20, 95% CI=1.13-1.27) (14) .
TCF4 gene (also termed immunoglobulin transcription factor 2) is located on chromosome 18q21.2. This gene encodes a bHLH transcription factor, which recognizes a 5'-CANNTG-3' motif in Ephrussi-box (E-box) found in immunoglobluin enhancers. TCF4 binding activates transcription in E-box. TCF4 is expressed in the nervous system and initiates neuronal differantiation. Multiple alternatively spliced transcipt variants have been described that encode different proteins. rs9960767 is an intronic variant found in the TCF4 gene that results in A>C transversion (dbSNP). Li et al (15) attempted to investigate nine polymorphisms in a large Han Chinese population; four of the SNPs were not identified to be polymorphic in the Han Chinese population, which is consistent with the HapMap data. The authors genotyped 2,496 schizophrenia patients and 5,184 control subjects, however, did not find any A>C transversion even in a single sample for rs9960767 (15) . Table I . Allele and genotype frequencies of the TCF4 gene rs9960767 polymorphism in patients with bipolar disorder and control subjects.
Gene
Cases, n (%) Controls, n (%) There are numerous cognitive-based studies evaluating the association between cognitive performance and the TCF4 genotype in psychiatric disorders. Lennertz et al (16) investigated the correlation between neurocognitive functions and schizophrenia. In total, 401 schizophrenia patients were genotyped for TCF4 rs9960767 and the Rey Auditory Verbal Learning Test was performed with all subjects. No significant difference for verbal memory was identified between the AA genotype and C risk allele carrier subjects although the C risk allele carriers performed better than the non-carriers in recognition memory (P=0.049) (16) . Quednow et al (17) performed a sensorimotor gating analysis in cases of schizophrenia and healthy control subjects. The TCF4 genotype was found to modulate sensorimotor gating, which was reduced in C risk allele carriers (17) . Albanna et al (18) genotyped TCF4 rs9960767 in 173 patients with first-episode psychosis. Cognitive tests were also performed on all subjects. AA carriers showed improved performance (P=0.038) in problem solving and reasoning compared with the C risk allele carriers (CC/CA) (18) . These studies demonstrated that TCF4 may influence cognitive function and contribute to psychiatric disorders.
TCF4 variations are known to be involved in a rare neurodevelopmental disease termed Pitt-Hopkins syndrome, which shows an autosomal dominant transmission and is charactarized by developmental delay, typical facial features, and severe mental and motor retardation (19) . A translocation that contains exon four of the TCF4 gene was also found to be associated with milder mental retardation when compared with patients with Pitt-Hopkins syndrome (20) .
The TCF4 gene is associated with schizophrenia, a common disease and Pitt-Hopkins syndrome, which is rare. It interacts with other genes and forms a transcriptional network to regulate differentiation in various cell types. The TCF4 gene has been identified as a target for the microRNA 137 (miR137) gene product, miRNA137, which is asociated with schizophrenia and severe cognitive abnormalities (21) . miR137 is involved in neurogenesis and neuronal differentiation. Specific software programmes, such as TargetScan (22) and PicTar (23) , were used to analyze the targets of miR137, and four genes (TCF4, CACNA1C, CUB and Sushi multiple domains 1 and WW domain binding protein 1-like) were detected in the study by the Schizophrenia Psychiatric GWAS Consortium (24) . Overexpression or knockdown of the miR137 gene also affect expression of the TCF4 gene that confirmed the association between TCF4 and miR137 (25) .
Although the TCF4 rs9960767 variant is in an intronic region, it may affect transcriptional regulation. It remains unclear how the TCF4 gene is involved in psychiatric disorders, although its role in neuronal differantiation may be an indication of the pathogenesis of neuropsychiatric diseases. Population size is important, particularly in case-control studies, for increasing statistical power. In the present study, a CC genotype was not available, which was due to the relatively small population size.
In conclusion, this is the first study, to the best of our knowledge, to investigate the association between the TCF4 gene rs9960767 variant and bipolar disorder. It was found that the TCF4 gene rs9960767 was not a genetic risk factor for bipolar disorder in the Turkish population that was evaluated. Neither allelic, nor genotypic associations have been found in overall population or in terms of gender. Larger populations may be required for corroboration of these study findings. Further genetic, biological and cognitive studies are required to better understand the complex mechanisms underlying the effect of TCF4 on neural functions with regard to psychiatric diseases.
